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DERIVATIVES OF (.)-VENLAFAXINE AND 
METHODS OF PREPARING AND USING THE SAME 

1. FIELD OF INVENTION 
5 ^ The invention relates to optically pure derivatives of (-)-venlafaxine, 

methods of tiieir synthesis, compositions comprising them, and methods of their use. 

2. BACKGROUND OF THE INVENTION 
A number of nontricyclic antidepressants have recently been developed that 

1 0 diminish the cardiovascular and anticholinergic liability characteristic of tricyclic 

antidepressants. Some of these compounds are used as anti-obesity agents and have shown 
promise in the treatment of cerebral function disorders such as Parkinson's disease and 
senile dementia. See, WO 94/00047 and WO 94/001 14. The nontricyclic compound 
venlafaxine, chemically named (±)"l-[2-(dimethylamino)-l-(4-methoxyphenyl)ethyI]- 

15 cyclohexanol, is an antidepressant which has been studied extensively and which is 

described in, for example, U.S. Patent No. 4,761,501 and Pento, J.T. Drugs of the Future 
13(9):S39-840 (19SS). Its hydrochloride salt is currently commercially available in the 
United States under the trade name Effexor®. Effexor®, which is a racsmic mixture of the 
(+) and (-) enantiomers of venlafaxine, is indicated for the treatment of depression. 

20 Although venlafaxine contains an asymmetric carbon atoin and is sold as a 

racemate, it has been reported that its (-) enantiomer is 'el nidre potent inhibitor of 
norepineplirine synaptosomal uptake while its <+) enantiomer is more selective in inhibiting 
serotonin uptake. Howell, S.R. et al. Xenobiotica 24(4):315-327 (1994). Furthermore, 
studies have shown that the ratio of the two isomers' metabolism varies not only among 

25 species, but between subjects as well. Klamems, KJ. et al. J. Clin. Phamiacol. 32:716-724 
(1992). In humans, venlafaxme is* transformed by a saturable metabolic pathway into two 
minor metabolites, N-desmethylyenlafaxine and N,0-didesmethyl venlafaxine, and one 
major metabolite, 0-desmethylvenlafaxine, as shown in Scheme 1(a): 
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Scheme 1(a) 

Klamerus, KJ. et al. J. Clin. Phamiacol. 32':716-724 (1992). All of tliese metabolites are 
racemic. In vitro studies suggest that O-desmethyl venlafaxine is a more potent inhibitor of 
norepinephrine and dopamine' uptake than the parent compound racemic venlafaxine. 
Muth, EA; et al Dmg Deveion: Res. 23:191-199 (1991). 0-desmethylvenlafaxine has also 
been reported to have a half-life (tl4) of about 10 hours, which is approximately 2.5 times as 
long as that of venlafaxine! Klamerus, KJ. et al. J. Clin. Pharmacol. 32:716-724 (1992). 
Studies directed at understanding the activity of O-desmethylvenlafaxine as compared to its 
parent have been hampered, however, by the metabolic difference between laboratory 
animals and man in their exposure to venlafaxine. Howell, S.R. et al, Xenobiotica 
24(4):3 15-327 (1994). 

Despite the benefits of racemic venlafaxine, it has adverse effects including, 
but not limited to, sustained hypertension, headache, asthenia, sweating; nausea, 
constipation, somnolence, diy mouth, dizziness, insomnia, nervousness,- anxiety, blurred or 
blurry vision, and abnormal ejaculation/orgasm or impotence in males. Physicians' Dssk 
Reference pp. 3293-3302 (53"" ed.. 1999); see also Sinclair, J. et al. Rev. Contemp. 
Phatmacother. 9:333-344 (1998), These adverse effects can significantly limit the dose 
level, frequency, and duration of drug therapy. It would thus be desirable to find a 
compound with the advantages of venlafaxine- while avoiding its disadvantages. 
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3. SUMMARY OF THE im^ENTION 
This invention relates to novel phannaceutical compositions comprisijig 
opticaUy pure derivatives of (-)-venlafaxine such as (-)-0-desn3ethylvenlafaxine. The 
invention also relates to methods* of preparing optically pure derivatives of (-)-VBnlafaxine 
5 with high purity and in high yield, and to methods of treating and preventing diseases and 
disorders which comprise the administration of one or more optically pure derivatives of 
{-)-veiiJafaxine to a human in need of such treatment or .prevention. 

Methods and compositions of the invention can be used to ti'eat or prevent 
' depression and affective disorders such as, but not limited to, attention deficit disorder and 
10 attention deficit disorder with hyperactivity. Methods and compositions of the invention are 
also useful in treating obesity and weight gain in a human. The invention also enconapasses 
the treatment of cerebral function disorders including, but not limited to, senile dementia, 
Parkinson's disease, epilepsy, Alzheimer's disease, amnesia/amnestic syndrome, autism and 
schizophrenia; disorders ameliorated by inhibition of neuronal monaniine reuptake; and 
15 pain, particularly chronic pain. The invention further encoinpasses the treatment or 

prevention of obsessive-compulsive disorder, substance abuse, pre-menstrual syndrome, 
anxiety, eating disorders and migraines. The invention finally encompasses the treatment or 
prevention of incontinence in humans. 

The compounds and compositions of the invention possess potent activity for 
20 treating or preventing the above-described disorders while reducing or avoiding adverse 
effects including, but not limited to, sustained hypertension, headache, asthenia, sweating, 
nausea, constipation, somnolence, dry mouth, dizziness, -insomnia, nervousness, anxiety ,- 
blurred or blurry vision, and abnomial ejaculation/orgasm or imipoten'ce in males. In 
particular, adverse effects associated with the administration of racemic venlafaxine are 
25 ■ reduced or avoided by the use of optically pure derivatives of (-)-venlafaxine. 

Compositions of the invention can also exhibit long half lives as compared to racen;uc 
venlafaxine. 

Although a variety of pharmaceutical salts, solvates, clatherates and/or 
hydrates (including anhydrous forms) of the active ingredients disclosed herein are suitable 
30 for use in the methods and compositions of the invention, the optically, pure derivatives of 
(-)-venlafaxine are typically prepared as hydrochloride salts, and preferably as the 
monohydrates.. . ' 

3.1. DEFINITIONS 

35 • As used herein, the term *Venlafaxirie'' means the racemic compound 

. (±y 1 .[2-(dimethylamino)- 1 -(4-methoxypheny I )ethyl]cyclohexanol. 

As used herein, the terms "venlafaxine derivative" and "derivative of 
venlafaxine'' encompass, but are not limited to, human metabolites of racemic venlafaxine. 
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.In particular, the' terms "venlafaxine derivative" arid *'derivative of venlafaxine" mean a 
compound selected fi"om the group that includes, but is not limited to: 
(±)-N-desriiethylvenlafaxine, chemically named (±)-l"[2-(methyiamino)-l-(4- 
methoxyphenyl)ethyl]cyclohexanol; (=b).N,N-didesmethylvenlafaxine, chemically named 
(±)-l-[2-(aniino)-l-(4-methoxyphenyl)ethy]]cyclohexanol; (=b)-0"desmethylven]afaxine, 
chemically named (±).l.[2-Cdimethylairiino)-l-(4-phenol)ethyI]cyclohexanol; (i)-N.O-. 
didesmethyl venlafaxine, chemically named (i:)-l -[2-(methylamino)-l-(4- 
phenol)ethyl]cyclohexanol; and (±)-0-desmethyI-N,N-didesmet&ylverilafaxine, chemically 
named chemically named (=b)-l-[2-Camino)-l-(4-phenoI)ethyl]cyclohexanoI. 

As used herein, the temis "(-)-veniafaxine derivative" and '^derivative of 
(-)-venlafaxine" encompass, but are not limited to, optically pure human metabolites of 
(-)-venlafaxine. In particular, the terms "(-)"venlafaxine derivative" and "derivative of 
(-)-venlafaxine" mean a compound selected from the group that includes, Blit is not limited 
to: optically pure (-)-N-desmethyl venlafaxine, chemically named (-)-l -[2-(rriethylamino)-l- . 
(4-methoxyphenyl)ethyl]cyclohexanol; optically pure (-)-N,N-didesmethyl venlafaxine, 
chemically named. (-)-l-[2-(amino)-l-(4-rnethoxyphenyl)ethyl]cyclohexanol; optically pure 
(-)-O-desmethylvenlafaxine, chemically named (-)-l-[2-(dimethylamino)-l-(4- 
phenoI)ethyl]cyclohexanoi; optically pure (-)-N,0-didesmethylvenlafaxine, chemically 
named (-)-l-[2-(methylamino)-l-(4-phenoI)ethyl]cyclohexan6l; arid optically pure (-)-O- 
desmethyl-N,N-didesmethylvenlafaxine, chemically naiiied chemically named (-)-l-[2- 
(aminoj-l -(4-phenol)ethyl]cyclohexanol. 

As used herein, the terms "(+)-verirafaxirie derivative" and "derivative of 
(+)-venliafaxine" encompass, but are not limited fb, optically pure human metabolites of 
(H-)-venlafaxine. In particular, the terms "(+)-venlafaxine derivative" and ''derivative of 
(+)-venlafaxine" mean a compound selected from the group that includes, but is not limited 
to: optically pure (+)-N-desmethylvenlafaxine, chenlically named (+)-l-[2-(methylamino)- 
l-(4-methoxyphenyl)ethyl]cyclohexanol; optically pure (+)-RN-didesmethylveiilafaxirie, 
chemically named (-f-)-l-[2-(amino)-l-(4-methoxyphenyl)ethyI]cyclohexanol; optically pure 
(-f)-O-desmethylvenlafaxine, chemically named (+)-l-[2-(dimethylamino)-l-(4- 
pheno])ethyl]cyciohexanol; optically pure (+)-N,0-didesmethylvehlafaxine, chemically 
named (-f)-l-[2-(methylamino)«l-(4-phenol)ethyl]cyclohexanol; and optically pure (H-j-O- 
desmethyl-N,N-didesmethylvenlafaxine, chemically named chemically named (+)-l-[2- 
(amino)- 1 -(4-phenol)ethyI]cyclohexanoL 

As used herein to describe a compound, the term ''substantially free of its (+) 
stereoisomer" means that the compound is made up of a significantly greater proportion of 
its (-) stereoisomer than of its optical antipode fl.e. . its (+) stereoisomer). In a preferred 
embodiment of the invention, the term "substantially free of its (+) stereoisomer" means 
that the compound is made up of at least about 90% by weight of its (-) stereoisomer and 
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about 10% by weight or less of its (+) stereoisomer. In a more preferred embodiment of the 
invention, the term "substantially free of its (+) stereoisomer*' means that the compound is 
made up of at least about 95% by weight of its (-) stereoisomer and about 5% by weight or 
less of its (+) stereoisomer. In an even more preferred embodiment, the term "substEintially 
5 free of its (+) stereoisomer" means that the compound is made up of atjeast about 99Vo by 
weight of its (-) stereoisomer and about 1% or less of its (+) stereoisomer. In another 
preferred embodiment, the term "substantially free of its (+) stereoisomer" means that the 
compound is made up of nearly 100°/o'by weight of jts (-) stereoisomer. The above 
percentages are based on the total amount of the conibined sterepisomers of the compound. 
1 0 The terms "substantially optically pure (-^>venlafaxine derivative," "optically pure 

(-)-venlafaxine derivative" and "(-) isomer of venlafaxine derivative" all refer to a derivative 
of (-)-veniafaxine that is substantially free of its (+) stereoisomer. 

As used herein, the term "pharmaceutipally acceptable salts" refers to salts 
prepared from pharmaceutically acceptable non-toxic acids, including inorganic acids and 
15 organic acids. Suitable non-toxic acids include inorganic and organic acids such as acetic, 
benzenesulfonic, benzoic, camphorsulfonic, citric, ethenesulfonic, fumaric, gluconic, 
glutaniic, hydrobromic, hydrochloric, isethionic, lactic, maleic, mahc, mandeUc, 
■ methanesulfonic, mucic, nitric, pamoic,.pantothenic, phosphoric, succinic, sulfuric, tartaric 
acid, p-toluenesulfonic and the Hke. Particularly preferred are hydrochloric, hydrobromic, 
20 phosphoric, and sulfuric acids, and most particularly preferred is the hydrochloride salt. 

As used herein, the term "affective disorder", includes depression, attention 
deficit disorder, attention deficit disorder with hyperactivity, bipolar and manic conditions, 
and..the like. Thetenns "attention deficit disorder" (ADD) and ^'attention deficit disorder " 
with hyperactivity" (ADDH), or attention deficit/hyperactiyity disorder (AD/HD.),.are used 
25 herein in accordance with the accepted meanings as found in the Diagnostic; and Statistical 
Manual of Mental Disorders. 4^^ Bd, . American Psychiatric Association (1997) 

(DSM-IV^). . ' 

As used herein, the term "a . method of treating -depression" means relief from 
the symptoms of depression which include, but are not limited to, changes in mood, feelings 
30 of intense sadness, despair, mental slowing, loss of concentration, pessimistic worry, 

agitation, and self-dqprecation. Physical changes may also be relieved, including insomnia, 
anorexia, weight loss, decreased energy and libido, and abnormal hormonal circadian 
rhythms. 

As used herein, the term "a method for treating obesity or weight gain" 
35 means reduction of weight, relief from being overweight, relief from gaining weight, or 
relief from obesity; all of which are usually due to extensive consumption of food. 

As used herein, the term " a method of treating disorders ameliorated by 
inhibition of neuronal monoamine reuptake" means rehef from symptoms of disease states 

.5 . 
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associated with abnonnaJ neuronal monoamine levels; such symptoms are reduced by way 
of neuronal monoamine reuptake inhibition. Monoamines, the reuptake of which are 
inhibited by the compounds or compositions. oT the present invention, include, but are riot 
limited to, noradrenaline (or norepinephrine), serotonin and dopamine. Disorders treated by 
5 neuronal monoamine reuptake inhibition include, but are not Umited to, Parkinson's disease 
and epilepsy. . 

As used herein, the term "method of treating Parkinson's disease" means 
relief from the symptoms of Parkinson's disease which include, but are not limited to, 
slowly increasing disability in purposeful movement, tremors, bradykinesia, rigidity, and a 

10 disturbance of posture in humans. 

As used herein, the term- "a method for treating cerebral function disorders" 
means relief from the disease states associated with cerebral fiinction disorders involving 
intellectual deficits which include but are not limited to, senile demeiitia, Alzheimer's type 
dementia, memoiy loss, anmesia/amnestic syndrome, disturbances of consciousness, coma, 

15 lowering of attention, speech disorders, Parkinson's disease, Lennox syndrome, autism, 
hyperkinetic syiid'rome and schizophrenia. Also witihin the meaiiing of cerebral function 
disorders are disorders caused by cerebrovascular diseases including, but not limited to, 
cerebral infarction, cerebral bleeding, cerebral arteriosclerosis, cerebral venous thrombosis, 
head injuries, and the like and wher^ symptoms include disturbances of consciousness, 

20 senile, dementia, coma, lowering of atteiition, speech disorders, and the like. 

The terms "obsessive-compulsive disdrdbr," "substance abuse," "pre- 
menstrual syndrome," "anxiety," "eating disorders" and "migraine" are 'used herein in a 
manner consistent with their accepted meanings in the art. See, e^, DSM-IV™. The terms 
"method of treating orpreventmg," "method of treating" and "method of preventing" when 

25 used in connection with these disorders mean the amelioration, prevention or relief from the 
symptoms and/or effects associated with these disorders. Without being limited by any 
theory, the treatment or prevention of certain of these disorders may be related to the 
activity of the active ingredient(s) as inhibitors of serotonin uptake. 

As used herein, the term "a method of treating or preventing incontinence" 

30 means prevention of or relief from the symptoms of incontinence including involuntary 
voiding of feces or urine, and dribbling or leakage or feces or urine which may be due to 
one or more causes including but not limited to pathology altering sphincter control, loss of 
cognitive function, overdistention of the bladder, hyper-reflexia and/or involuntary urethral 
relaxation, weakness of the muscles associated with the bladder' or netirologic 

35 * abnormalities. 
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4. DF.TArLED DEgCRIPTTQN OF THE INVENTION 
This invention relates to opticaDy jDure derivatives of (-)-venlafaxine such as, 
but not limited to, (-)-O.-desinethylyenlafaxine, (-)-N-desmethylvenlafaxine, and 
(0-N,O-didesmethylveEJafaxine. This invention furtlier relates to the synthesis of optically 
5 pure (-)-venlafaxine derivatives and to compositions (e^, pharmaceutical compositions) 
comprising them. The. invention also relates to novel uses of the compounds disclosed 
herein, which, constitute imprpysTnents, over the use of racemic venlafaxine as well as over 
the optically- pure isomers of venlafaxine. 

One embodiment of the invention encompasses a method of treating an 
1 0 affective disorder in a human which comprises administering to a human in need of such 
treatment a dierapeutically effective amount of a (-)-venlafaxine derivative, preferably 
(-)-O-desmethylvenlafaxine, or a pharmaceuticaUy acceptable salt thereof, substantiaUy free 
of its (+) stereoisomer. Venlafaxine derivatives, preferably (-)-O-desmethylvenlafaxine, 
can be used to treat an affective disorder while exhibiting a longer half life than venlafaxine 
15 and/or while avoiding or reducing adverse effects that are associated with tiie administration 
of venlafaxine. 

Another embodiment of the invention encompasses a method of treating 
weight gain or obesity in a human which comprises administering to a human in need of 
weight loss or obesity therapy a therapeutically effective amount of a (-)-venlafaxine 

20 derivative, preferably (-)-O-desmethylvenlafaxine, or a pharmaceuticaUy acceptable salt 

thereof, substantially free of its (+) stereoisomer, said amount being suf5cient to reduce or 
prevent weight gain or obesitj^ Optically pure (-)-venlafaxine derivatives, preferably 
(-)-0-desmethylvenlafax;ine, can be used to treat weight gain or obesity disorder while 
exhibiting a longer half life than venlafaxine and/or while avoiding or reducing adverse 

25 effects thst aue. associated with the administration of venlafaxine. 

Another embodiment of the invention encompasses a method of treating 
disorders ameHorated by-neuronal monoamine reuptake inhibition in a human which 
comprises admiiiistering to a human a therapeutically effective amount of a (-)-ven]afaxine 
derivative, preferably (-)-O-desmethylvenlafaxine, or a pharmaceuticaUy acceptable salt 

30 thereof, substantially free of its (+) stereoisomer, said amount being sufficient to treat such 
disorders. Disorders which are ameliorated by neuronal monoamine reuptake include, but 
are not limited to, Parkinson's disease, epilepsy, and depression. The optically pure 
derivative of (-)-venlafaxine may be used to treat such disorders while avoiding or reducing 
adverse effects associated with the administration of venlafaxine. 

35 Optically pure, or substantially optically pure, (-)-venlafaxine derivatives, 

preferably (-)-0-desmethylvenlafaxin2, and compositions containing them are also useful in 
treating cerebral function disorders. Such disorders indude, but are not limited to, senile 
dementia, Alzheimer's type dementia, memory loss, amnesia/anmestic syndrome, 

- 7- 
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disturbance of consciousness, conia, jowering"Sf atteintion, speech disorders, Parkinson's 
disease, Lennox syndrome, autism, hyperkinetic syndroms and schizophrenia. Cerebral 
function disorders may be induced by factors including, but not limited to, cerebrovascular 
diseases such as cerebral infarction, cprebral bleeding, cerebral arteriosclerosis, cerebral 
5 venous thrombosis, head injuries and the lilce aii'd v/here symptoms include disturbances of 
consciousness, senile dementia, coma, lowering of attention, speecii disorders and the' like. 
Thus, the invention encompasses a method of treating cerebral function disorder in a human 
which comprises administering to a human in need of such "therapy a therapeutically 
effective amount of (-)-veniafaxine derivative, preferably (O-O-HesmetKylvenlafaxine, or a 

10 pharmaceutically acceptable salt thereof, substantially free of its (+) stereoisomer. The use 
of an optically pure (-)-venlafaxine derivative, preferably optically pure 
(-)-O-desmethylvenlafaxine, is intended to provide an improvement over the use of the 
parent drug verilafaxine. The optically pure derivatives of the invention are more potent 
and yet provide an overall improved therapeutic index over verilafaxine. 

15 Another embodiment of the invention encompasses a method of treating 

pain, including chronic pain, in a human which comprises administering to a human in need 
of such therapy a therapeutically effective amount of (-)-veiilafaxine derivative, preferably 
(-)-O-desmethylvenlafaxine, or a pharmaceutically acceptable salf thereof, substantial ly free 
of its (+) stereoisomer, said amount being sufficient to alleviate" the human*s pain. 

20 Another embodiment of the invention encompasses a method of treating an 

obsessive-compulsive disorder in a human, which comprises administering to a human in 
need of such therapy a therapeutically effective amoimt of a (-)-venlafaxine derivative, 
preferably (-)-O-desniethylvenlafaxine, or a pharmaceutically acceptable salt thereof, 
substantially free of its (+) stereoisomer. 

25 Another embodiment of the invention encompasses a method of treating or 

preventing substance abuse in a human, which comprises administering to a human in need 
of such therapy a therapeutically effective amount of a (-)-venlafaxine derivative, preferably 
(-)-O-desmethylvenlafaxine, or a pharmaceutically acceptable salt thereof, substantially free 
of its (+) stereoisomer. 

30 Another embodiment of the invention encompasses a method of treating or 

preventing pre-menstmal syndrome in a human, which comprises administering to a human 
in need of such therapy a therapeutically effective amount of a (')-vehlafaxine derivative, 
preferably (-)-O-desmethylvenlafaxine, or a pharmaceutically acceptable salt thereof, 
substantially free of its (+) stereoisomer. 

35 Another embodiment of the invention encompasses a method of treating 

anxiety in a human, which comprises adniinistering to a human in need of such therapy a 
' therapeutically effective amount of a (-)-venlafaxine derivative, preferably 
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(-).0-desn,ethylvenlafaxine. or a phamiaceutically acceptable salt thereof, substantially free 

of its (+) stereoisomer. ■ 

' Another embodiment of the invention encompasses a method of treating an 
■ eating disorder in a human, which comprises administering to a human in need of such 
5 therapy a therapeutically effective amount of a (-)-venlafaxine derivative, preferably 

(-)-O-desmethylveniafaxine, or aphannaceutically acceptable salt thereof, substantially free 

of its (+) stereoisomer. 

Another embodiment of the invention encompasses a method of treating or 
preventing a migraine, or migraine headaches, in a human, which comprises administering 

10 to a human in need of such therapy a therapeutically effective amount of a (-)-venlafaxine 
derivative, preferably (-)-O-desmethylvenlafaxine,. or aphannaceutically acceptable salt 
thereof, substantially free of its (+) stereoisomer. 

. Another embodiment of the invention encompasses a method of treating or 
preventing incontinence m a human which comprises administering to a human> need of 

15 such therapy a therapeutically effective amount of a (-)-venlafaxine derivative, preferably 
(-).0-desmethylvenlafaxine, or a phamiaceutically acceptable salt thereof, substantilly free 
of its (+) stereoisomer. In particular, a (.)-VBnlafaxine derivative can be used to treat fecal 
incontinence, stress urinary incontinence ("SUT"). urinaiy exertional incontinence, urge 
incontinence, reflex incontin.ence, passive. incontinence and overflow incontinence. In a 

20 prefen-ed embodiments the human-is an elder person of an age greater than 50 or a child of 
an age less than 13. Further, the invention encompasses the treatment of incontinence in 
patients with either loss of cognitive function, sphincter control or both. The invention is 
particularly well suited for the treatment or prevention of fecal incontinence and stress 
urinary incontinence. 

25 ' Another embodiment of the invention encompasses a method of preparing 

(-)-N-desmethylvenlafaxine- which comprises contacting a compound of Formula 5: 



30 



HjCO 




35 with a reductant for a time and at a temperature sufficient to form 

(±)-N-desmethylvenlafaxine, and isolating (-)-N-desmethylveniafaxine therefrom. A 
preferred reductant is BHj-MejS. 
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Anothsr embodiment of the invention encompasses a method of preparing 
(-}-N,N-didesmethylvenlafaxine which comprises contacting a compound of Fomiula 2: 

CN 



5 




2 



with a reductant for a time and at a temperature sufncient to form 

10 (±)-N,N-didesmethylvenlafaxine, and isolating (->N,N-didesmethylvenlafaxine therefrom. 
A preferred reductant is CoCU/NaBH^. 

Another embodiment of the invention encompasses a method of preparing 
(-)-0-desmethy]venlafaxine which comprises contacting (-)-venlafaxine with hthiumt 
diphenylphosphide for a time and at a temperature sufficient to fomi.(-)-0- 

15 desmethylvenlafaxine. 

Another embodiment of the invention encompasses a method of preparing 
(-)-O-desmethylveniafaxine which comprises contacting (±)-venlafaxihe witti lithiunn 
diphenylphosphide for a tinie and at a temperature sufficient to form (i)-0- 
desmethylvenlafaxine, and isolating (-)-O-deismethylvenlafaxine therefrom. 

20 Another embodiment of the invention encompasses substantially pure (-)-O- 

desmethylverilafax'iiie arid pharm^acexitically acceptable salts, solvates, and clathrates 
thereof 

Another embodiment of the invention encompasses substantially pure 
(-)-N,0-didesmethylvenlafaxine and phaimaceutically acceptable salts, solvates^ and 
25 clathrates thereof 

Another embodiment o'f the invention encompasses 
(.).N.desmethylvenlafaxine and pharmaceutically acceptable salts, solvates, and clathxates 
thereof 

A fmal embodiment of the invention encompasses 
30 (-)-N,N-didesmethylvenlafaxine and pharmaceutically acceptable salts, solvates, and 
clathrates thereof 

Compounds of the invention, which can be used and prepared as described 
herein, are shown below in Scheme 1(b): 

35 • 
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10 



15 



20 



25 



30 



35 




HjCO^ 

(->N-desmethylvenlafaxine 




H3CO' 

(-).N,N-didesiT«hylvenJalaxine 






HO- ^ ^ HC 

(.)-0-desmsthylvenlafaxine (.>N,Odidesmnhylvenlafaxine (-H>desmethyl-N,N-didesrTetbylvenlafaxine 

Scheme 1(b) 

Tlie synthesis of some venlafaxine derivatives has been described by 
Yardley, J.P. et al. J. Med. Chem. 33:2899-2905 (1990), tlie disclosure of which is hereby 
incorporated by reference. This method, which may be adapted for the synthesis of the 
compounds of this invention, is shown in Scheme 11: 

CN 




Q 




OH 



OH 



R 





Scheme II 



wherein R is methoxy or hydroxy; R, is hydrogen or methyl, and the reaction conditions are 
as follows: (a) LDA in cycloalkanone at -78°C; (b) Rh/Al^Oj; and (c) HCHO, HCOOH, 
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HjO, reflux. The (-) isomer of the racemic final product yielded by step (c) may be isolated 
by any method known to those skilled in the art, including high performance liquid 
chromatography (HPLC) and the formation and crystallization of chiral salts. See, e.g., 
Jacques, J., et al., Enantiomers- RacemateP and Resolutions. (Wiley-Interscience, New 
5 York. 1981); Wilen, S. H., et al., Tetrahedron 33:2725 (1977); Eliel, E. L. Stereochemistry 
nf Harbon Compounds (McGraw-Hill, NY, 1962); and Wilen, S. H. Tables of Resolving 
Agents and Optical Resolutions p. 268 (E.L. Ehel, Ed. Univ.- of Notre Dame Press, Notre 
■ Dame, IN, 1972). As used herein, tlie term "isolate" encompasses the isolation of a 
compound from a reaction mixture, the purification of the compound, and the optical 
10 resolution of the compound. 

In a preferred method of the invention, (-)-N,N-didesmethylveniafaxiiie is 
prepared from (±)-N,N-di desmethylvenlafaxina, which itself is preferably prepared 
according to the method shown in Scheme EI: 



15 



20 



25 




4 • -3 



Scheme lU 

According to this method, cyclohexanone is reacted with compound 1 to provide compound 
30 2. This reaction is preferably done in the presence of a catalyst such as, but not limited to, 
lithium diisopropylamide (LDA), and in an aprotic solvent such as, but not limited to . THE. 
The cyano group of compound 2 is subsequently contacted with a reduotant to provide 
compound 3, (±)-N,N-didesmethylvenlafaxine. A preferred reductant is CoClj/NaBH^ in 
methanol, although other reductants known to those skilled in the art can also be used. Salts 
35 of (±)-N.N-didesmethylvenlafaxine, such as the HCl salt (compound 4), can then be formed 
using reaction conditions well knovim in the art. (-)-N,N-didesmethylvenlafaxinB can be 
isolated from (±)-N,N-didesmethylvenlafaxihe using methods known in the art (e^g., by the 
formation of a chiral salt or using chiral chromatography). 



- 12- 



Wo 00/32556 



PCTAJS99/2S303 

Referring again to Scheme HI. (-)-N,N-didesmethylvenJafaxine can 
alternatively be prepared from the appropriate enantiomer of compound 2. Optically pure 
enantiomeiB of compound 2 can be.isolated using methods known in the art (e^. by the 
formation of a chiral salt or using chiral chromatography). 

In another preferred method of the invention, (-)-N-desmethylvenlafaxine is 
prepared from (±)-N-desmethyivenlafaxine, which itself is prepared from 
(±)-N,N-didesmethylvenlafaxine according to the method shown in Scheme IV: 



10 



HsCO 




HjCO 




15 



20 



H3G0 




H3CO 




25 



30 



■35 



Scheme IV 

According to this method, (±)-N,N-didesmethylvealafaxine (compound 3) is converted to 
compound 5 using, for example, HCO^H in a solvent such as, but not limited to, toluene. 
The aldehyde of compound 5 is subsequently reduced to provide compound 6, 
(±)-N-desmethylvenlafaxine. A preferred reductant is BH^-Me^S in an aprotic solvent such 
as, but not limited to, THF. Salts of (±)-N-desmethylvenlafaxine, such as the HCl salt 
(compound 7), can then be formed using reaction conditions well known in the art. 
(.).N-desmethylvenlafaxine can be isolated from (±)-N-desmethylvenlafaxine using 
methods known in the art (e^, by the formation of a chiral salt or using chiral 
chromatography). 

Referring again to Scheme IV. (.)-N-desmethylvenlafaxine can alternatively 
be prepared from the appropriate enantiomers of compounds 3 or 5 . Optically pure 
enantiomers of compounds 3 and 5 can be isolated using methods known ua the art (e^ by 
the formation of a chiral salt or using chiral chromatography). 
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It is also possible to prepare- the •'cbmpoimds of thie invention from racemic 
venlafaxine, which can be prepared according to methods disclosed, for example, by U.S. 
Patent No. 4.761,501 and Pento, J,T. Dnigs of the Future •13C9);S3^S40 (198S).,bdth of 
which are incorporated herein by reference.' Optically piire (-)-venlafaxine can be isolated 
5 from the racemic mixture by conventional means such as those described above, and then 
selectively demethylated according to methods Icnown to those skilled in the art. See, e^, 
March, J. Advanced Organic Chemistry p. 361 (3'"^ ed, 1985). 

In a preferred method of the invention, optically pure (-}- venlafaxine is 
isolated from (±)-venlafaxine according to the method shown in Scheme V: 



15 




8 9 10 

Scheme V 



According to this method, (-)-venlafaxine (compound 9) is isolated from (±)-venlafaxine 
20 (compound 8) by fomiing a chiral salt using, for example, di-p-toluoyl-D-tartaric acid. 

Salts of (->-venIafaxine, such as the HCl salt (compound 10), can then be formed using 

reaction conditions well known in the art. 

Compounds of the invention are readily prepared from (-)-venlafaxine. For 

example, in a preferred method of the invention, (-)-O-desmethyl venlafaxine is prepared 
25 from (-)-veniafaxine aa iihown in Scheme VI: 




Scheme VI 

35 According to this method, the methoxy group of (.)-venlafaxine (compound 9) is converted • 
to an alcohol to provide (•)-0-desmethylvenlafaxine (compound 11) using, for example, 
lithium diphenylphosphide. 
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/Utemative methods of preparing (±)-venlafaxine HCl and (±)-0-desmethy]- 
vsnlafaxine, from ^yilich optically pure (-)-veiilafaxme derivatives can be prepared using 
methods such as those described herein, are shown in Scheme VH: 




Scheme Vn 

According to Scheme VII, (±)-veniafaxine (compound 8) is prepared by reacting (±)-N,N- 
didesmethylvenlafaxine (compound 3) with, for example, HCHO/HCOnH. Compound S 
can then be converted to (±)-0-desm ethyl venlafaxine (compound 13) using, for example, 
lithium diphenylphosphide. Alternatively, salts of (=i:)-venlafaxine, such as the HCl salt 
(compound 12), can be formed using reaction conditions well known in the art. Optically 
pure enantiomers of compounds 12 and. 13 can be isolated using methods known to those 
skilled in the art fe.g.. by the formation of a chiral salt or using chiral chromatography). 
Optically pure enantiomers of cornpounds 12 and 13 can also be prepared according to 
Scheme VII by begixming with the corresponding optically pure enantiomers of compound 
8. 

Utilizing the optically pure or substantially optically pure derivatives of 
(-)-venlafaxine in the treatment and/or mitigation of the conditions described herein results 
in clearer doserrelated definitions of efBcacy, diminished adverse effects, and accordingly 
an improved therapeutic index as compared to venlafaxine itself. 

The magnitude of a prophylactic or therapeutic dose of a (-)-venlafaxine 
derivative (herein also referred to as, an "active ingredient"), preferably 
(-)-O-desmsthylvenlafaxine. in the acute or chronic management of a disease will vary with 
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the severity of the condition to be treated and the route of administration. The dose, and 
perhaps 'the dose frequency, will also vary according to age, body weight, response, and the 
past medica] history of the individual patient. In general, the recommended daily dose 
range for the conditions described herein lie within the range of from about 1 0 mg to about 
1000 mg per day, given as a single once-a-day dose in the morning but preferably as 
divided doses throughout the day taken with food. Preferably, a daily dose range should be 
from about 50 mg to about 500 mg per day, more preferably, betvv'een about 75 mg and 
about 350 mg per day. In managing the patient, the therapy should be initiated at a lower 
dose, perhaps about 50 mg to about 75 mg, and increased if necessary up to about 250 mg 
to about 325 mg per day as either a single dose or divided doses, depending on the patient's 
global response. If a dosage is increased, it is preferably done in intervals of about 75 mg 
separated by at least 4 days. 

Because elimination of (-)-venlafaxine derivatives from the bloodstream is 
dependant on renal and liver function, it is recommended that the total daily dose be 
reduced by at least 50% in patients with moderate hepatic impaimient, and that it be 
reduced by 25% in patients with mild to moderate renal impairment' For patients 
undergoing hemodialysis, it is recommended that tlie. total daily dose be reduced by 5% and 
that the dose be withheld until the dialysis treatment is completed.' Because some adverse 
reactions have been reported for patients who took venlafaxine concurrently with, or shortly 
after, a monaraine oxidase inhibitor, it is feicbmmended that the (-)-veniafaxihe derivatives 
of this invention not be administered to patients currently taking such inhibitors. In general, 
the concurrent administration of the 'compounds of this' invention with other drugs, . 
particularly other serotonin uptalce inhibitors, should be done with care. See, e.g., von 
Moltke, L.L. et al'. Biol. Psvchiatrv 41:377-380 (1997); and Sinclair, J. et al Rev. Coniemp. 
Pharmacother. 9:333-344 (1998-). 

The various terms "said amount being sufficient to alleviate the affective 
disorder," "said amount being sufficient to alleviate depression,'* "said amount being 
sufficient to alleviate attention deficit disorder," "said amount being sufficient to alleviate 
an obsessive-compulsive disorder", "said amount being sufficient to prevent or alleviate 
substance abuse", "said amount being sufficient "to prevent or alleviate pre-menstrual 
syndrome", "said amount being sufficient to prevent or alleviate anxiety", "said amount 
being sufficient to prevent or alleviate an eating disorder", "said amount bemg sufficient to 
prevent or alleviate or prevent migraine", "said amount beJing sufficient to alleviate 
Parkinson's disease," "said amount being sufficient to alleviate epilepsy," "said ainount 
being sufficient to alleviate obesity or weight gain," "an amount sufficient to achieve weight 
' loss,", "said amount being sufficient to bring about weight reduction in a human," "said 
amoimt being sufficient to alleviate pain," "said amount being sufficient to alleviate 
dementia," "said amount sufficient to alleviate said disorders ameliorated by inhibition of 
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neuronal monoamine reuptake," "said amount is sufficient to alleviate cerebral functio^, 
disorders" wherein said disorders are selected from the group consisting of senile dementia, 
Alzheimer's type dementia, memory loss, amnesia/amnestic syndrome, disturbance of 
consciousness, coma, lowering of attention, speech disorders, Parkinson's disease, Lennox 
5 syndrome, autism, hyperldnetic syndrome, schizophrenia,, and cerebrovascular diseases, 
such as cerebral infarction, cerebral bleeding, cerebral arteriosclerosis, cerebral venous 
thrombosis, head injuries,, and the like, "said amount being sui^cient to treat or prevent 
. incontinence" wherein said incontinence includes but is not limited to fecal, stress, urinary, 
urinary exertional, urge, reflex, passive and. overflow incontinence, are encompassed by the 
10 above described dosage amounts and dose frequency schedule. Similarly, amounts 

sufficient to alleviate each- of the above disorders but insufficient to cause adverse effects 
associated with venlafaxinp are also encompassed by the .above described dosage amounts 
and dose frequency schedule, ., 

Any suitable route of administration can be employed for providing th e 
15 patient with a therapeutically or prophylactically effective dose of an active ingredient. For 
example, oral, mucosal (e.g., nasal, subiipgual, buccal, rectal, vaginal), parenteral (e.g., 
intravenous, inti-Eunuscular), transdermal, and subcutaneous routes can be employed. 
Preferred routes of administration include oral, transdermal, and mucosal. Suitable dosage 
forms for such routes include, but are not limited to, transdermad patches, ophthaknic 
20 solutions, sprays, and aerosols, Transdermal compositions can also take the form of 

creams, lotions, and/or emulsions, which can be included in an appropriate adhesive for 
application to the skin, or can be included in a transdermal patch of the matrix or reservoir 
type as are conventional in the art for tliis purpose. A preferred transdermal dosage form is 
a "reservoir type" or "matrix type" patch, which is applied to the skin and worn for a 
25 specific period of time to permit the penetration of a desired amount of active ingredi ent. 
The patch can be replaced with a fresh patch when necessary to provide constant 
administration of tiie active ingredient to the patient. 

Other dosage forms of the invention include, but are not limited to, tablets, 
caplets, troches, lozenges, dispersions, suspensions, suppositories, ointments, cataplasms 
30 (poultices), pastes, powders, dressings, creams, piasters, solutions, capsules, soft elastic 
gelatin capsules, and patches. 

In practical use, an active ingredient can be combined in an intimate 
admixture with a pharmaceutical carrier, according to conventional pharmaceutical 
compounding techniques. The carrier can take a wide variety of fonns depending on the 
35 form of preparation desired for administration, In preparing the compositions for an oral 
dosage form, any of the usual pharmaceutical media can be employed as carriers, sucli as, 
• for example, water, glycols, oils, alcohols, flavoring agents, preservatives, coloring agents, 
and the like in the case of oral liquid preparations (such as suspensions, solutions, and. 
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elixirs) or aerosols; or carriers such as starches, sugars, micro-crystalline cellulose, diluents, 
granulating agents, lubricants, binders, and disintegrating agents can be" used in the case of 
oral solid preparations, preferably without employing the use of lactose. For example, 
suitable carriers include powders, capsules, and tablets, with the solid oral preparations 
5 being preferred over the liquid preparations, 

Because of their ease of administration, tablets and capsules represent the 
most advantageous oral dosage iinit forms, in which case solid pharmaceutical carriers are 
employed. If desired, tablets can be coated by standard aqueous or nonaqueous techniques. 
In addition to the common dosage forms set out above, an active ingredient can also 
10 be administered by controlled release means of delivery devices that are well known to 
those of ordinary sidll in the art, such as those described in U.S. Patent Nos.: 3,845,770; 
■ 3,916,899; 3,536,809; 3,598,123; and 4,008,719, 5,674,533, 5,059,595, 5,591,767, " 
5,120,548, 5,073,543, 5,639,476, 5,354,556, and 5,733,566, the disclosures ofwhich are 
incorporated herein by reference. These dosage forms can be used to provide slow or 
15 controlled-release of one or more active ingredients using, for example, hydropropylm ethyl 
cellulose, other poljoner matrices, gels, permeable membranes, osmotic systems, multilayer 
coatings, microparticles, liposomes, or microspheres or a combination thereof to provide the 
desired release profile in varying proportions. Suitable controlled-release formulations 
Icnown to tliose of ordinary skill in the art, including tliose described herein, can be readily 
20 selected for use with the phamiaceutical compositions of the invedtion. The invention thus 
encompasses single unit dosage forms suitable for oral administration such as, but not 
limited to, tablets, capsules, gelcaps, and caplets that are adapted for controlled-release. 

All controlled-release pharmaceutical products have a common goal of 
improving drug therapy over that achieved by their non-controlled counterparts. Ideally, the 
25 use of an optimally designed controlled-release preparation in medical treatment is 

characterized by a minimum of drug substance being employed to cure or control the 
■ condition in a minimum amount of time. Advantages of controlled-release formulations 
include: 1) extended activity of the drug; 2) reduced dosage. frequency; and 3) increased 
patient compliance. In addition, controlled-release formulations can be used to affect the 
30 time of onset of action or other characteristics, such as blood levels of the drug, and thus 
can affect the occurrence of side effects. 

Most controlled-release formulations are designed to initially release an 
amount of drug that promptly produces the desired therapeutic effect, and to gradually and 
continually release of other amounts of drug to maintain this level of therapeutic effect over 
35 ' an extended period of time. In order to maintain this constant level of drug in the body, the 
dmg must be released from the dosage form at a rate that will replace the amount of dmg 
being metabolized and excreted from the body. Controlled-release of an active ingredient 
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can be stimulated by various inducers', including, but not limited to, pH. temperature, 
enzymes, water, or other physiological conditions or compounds. 

• Pharmaceutical compositions of the invention suitable for oral administration 
can be presented as-discrete dosage forms, such as capsules., cachets, or tablets, or aerosol 
5 sprays each containing a predetermined amount of an active ingredient as a powder or in . 
granules, a solution, or a suspension in an aqueous or non-aqueous Uquid. an oil-in-water 
emulsion, or a water-in-oil Hquid emulsion. Such dosage forms can be prepared by any of 
the methods of pharmacy, but all methods include the step of bringing the active ingredient 
into.-association with the carrier, which constitutes one or more necessary ingredients. In 
10 general, the compositions are prepared by uniformly and intimately admixing the active 

ingredient with liquid carriers or finely divided solid carriers or both, and then, if necessary, 
shaping the product into the desired -presentation. 

. For example, a tablet can be prepared by compression or molding, optionally 
with one or more accessory .ingredients. Compressed, tablets, caj^be prepared by, 
15 compressing in a suitable machine the active ingredient in a free-flowing form such as 

powdenor granules, pptianally mixed with an excipient such as. but not Umited to, a binder, 
a lubricant, an inert diluent, and/or a surface active or dispersing agent. Molded. tablets can 
be made by molding in a suitable machine a mixture of the powdered compound moistened 

with an inert iiquid diluent, 
20 This invention :further encompassfs lactose-fi-ee pharaiaceutical 

compositions and dosage forms. Lactose is used as an. excipient in yenlafaxine 
formulations. See. e^.. Physician 's Desk Reference'^ 3294 (53'^ ed., 1999). Unlike the 
parent drug, however, N-demethylated derivatives of (-)- yerilafaxine .(e^^., (-)-N- 
desmethylvenlafaxineand (.).N.N-didesmethylvenlafaxine), are secondary or primary 
25 amines and may thus decompose, over tim?,when exposed to lactose. Consequently, 

compositions of the invention that comprise N-demethylated derivatives of (.)-v.enlafaxine 
preferably contain little, if .any, lactose or other mono-, or di-s^charides. As used herein, 
the term "lactose-free" means that the amount of lactose present, if any, is insufficient to 
substantially increase the degradation rate of an active ingredient. 
. 30 Lactose-free compositions of the invention can comprise excipients which 

are well known in the art and are listed in the USP (XXD/NF (XVI). which is incorporated 
herein by reference. . In general, lactose-free compositions comprise an active ingredient, a 
binder/filler, and a lubricant in pharmaceutically compatible and phamiaceutically 
acceptable amounts. Preferred lactose-free dosage forms comprise an active ingredient, 
35 microcrystalline cellulose, prergelatinized starch, and magnesium stearate. 

This invention further encompasses anhydrous pharmaceutical compositions 
and dosage fonns comprising an active ingredient, sibce water can facilitate the degradation 
of some compounds. For example, the addition of water (e.g., 5%) is widely accepted in the 
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pharmaceutical arts as a means of simulating ' Jong-term storage in order- to determine 
characteristics such as shelf-life or the stability of formulations over time. See, e.g., Jens T. 
Carstensen, Di-ug Stability^: Principles & Practice, 2d. Ed., Marcel Deklcer, KTY. NY» 1995, 
pp. 379-80. In effect, water arid heat accelerate decomposition. Thus the effect of water on 
- 5 a formulation can be of great significance since moisture and/or humidity are comniDnly 
encountered during manufacture, handling, packaging, storage, shipment, and use of 
foraiulations. 

Anhydrous pharmaceutical compositions and dosage forms of the invention 
can be prepared using anhydrous or low moisture containing ingredients and low xnoisture 

10 or low humidity conditions. Pharmaceutical compositions and dosage'Torms of the 
invention which contain lactose are preferably anhydrous if substantial contact with 
moisture and/or humidity during manufacturing, packaging, and/or storage is expected. 

An anhydrous pharm&eutica] composition should be prepared and stored 
such that its anhydrous nature is maintained. Accordingly, anhydrous compositions are 

15 preferably packaged using materials known to prevent exposure to water such that they- can 
be included in suitabie formulary kits. Exariiples of suitable packaging include, but are not 
limited to, hermetically sealed foils, plastic or the like, unit dose" containers, blister packs, 
and strip packs. 

In this regard, the invention encompasses a method of preparing a solid 
20 pharmaceutical Tormtilation coiriprising ah active ingredient which method comprises 

admixing linder anhydrous or low moisture/humidity conditions the active ingredient and an 
excipient (£?.g^., lactose), wherein the ingredieiits are substantially free of. water. The method 
can further comprise^ packaging the anhydrous-or non-hygrdscopic solid formulation under 
low moisture conditions. By using such conditions, the risk of contact with water is 
25 reduced and the degradation of the active in^edient can be prevented or substantially 
reduced. 

Binders suitable for use in pharmaceutical compositions and dosage forms 
include, but are not limited to, com starch, potato starch, or other starches, gelatin, natural 
and synthetic gums such as acacia, sodium alginate, alginic acid, other alginates, powdered 
30 tragacanth, guar gum, cellulose and its derivatives (e.g*., ethyl cellulose, cellulose acetate, 
carboxym ethyl cellulose calcium, sodium carboxymethyl cellulose), polyvinyl pyrrolidone, 
. methyl cellulose, pre-gelatinized starch, hydroxypropyl methyl cellulose, (e.g^., Nos. 2208, 
2906, 2910), niicrocrystalline cellulose, and mixtures thereof 

Siiitable forms of microcrystalUne cellulose include, for example, the 
35 materials sold as AVICEL-PH-lOl, A VICEL-PH- 1 03 AVICEL RC-58I, and AVICEL-PH-^ 
105 (available from FMC Corporation, American Viscose Division, Avicel Sales, Marcus 
Hook, PA, U.S.A.). An exemplary suitable binder is a mixture of noicrocrystalline cellulose 
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and sodium carboxymethyl cellulose sold as AVICEL RC-5S1. Suitable anhydrous or low 
moisture excipients or additives include AVICEL-PH-103™ and Starch 1500 LM. 

. Examples of suitable fillers for use in the pharmaceutical compositions and 
dosage forms disclosed herein include, but are not limited to, talc, calcium carbonate {e.g., 
5 granules or powder), micro crystalline cellulose, powdered cellulose, dextrates, kaolin, 
mannitol, silicic acid, sorbitol, starch, pre-gelatinized starch, and mixtures thereof. The 
binder/filler in pharmaceutical compositions of the present invention is typically present in 
about 50 to about 99 weight percent of the pharmaceutical composition. 

Disintegrants are used in the conipositions of the invention to provide tablets 
10 that disintegrate when exposed to an aqueous environment. Too much of a disintegrant will 
produce tablets which may disintegrate in the bottle. Too little may be insufficient for 
disintegration to occur and may thus alter the rate and extent of release of tlie active 
ingrediBnt(s) from the dosage form. Thus, a sufficient amount of disintegrant tliat is neither 
too little nor too much to detrimentally alter the release of the active ingrBdient(s) should be 
15 used to forrp the dosage forms of, the compounds disclosed herein. The amount of 

disintegrant used varies based upon the type of formulation and mode of administration, and 
• .is readily discernible to those of ordinary skill in the art, Typically, about 0.5 to about 1 5 ■ 
weight percent of disintegrant, preferably about 1 to about 5 weight percent of disintegrant, 
can be used in the pharmaceutical composition. , , 
20 Disintegrants that can be used to form pharmaceutical compositions and 

dosage forms of the inyention include, but are not limited to,.agar«agar, alginic acid, 
calcium carbonate* microcrystalline cellulose, croscamiellose sodium, crospovidone, 
polacrilin potassium, sodium starch glycolate, potato or tapioca starch, other starches, pre- 
gelatinized starch, other starches, clays, other algins, other celluloses, gums or mixtures 
25 thereof 

Lubricants which can be used to form pharmaceutical compositions and . • 
dosage forms of the invention include, but are not limited to, calcium stearate, magnesium 
stearate, mineral oil, Ught mineral oil, glycerin, sorbitol, mannitol, polyethylene glycol, 
other glycols, stearic acid, sodium lauryl sulfate, talc, hydrogenated vegetable oil {e.g. , 

30 peanut oil, cottonseed oil, sunflower oil, sesame oil, olive oil, com oil, and soybean oil),' 
zinc stearate, ethyl oieate, ethyl laureate, agar, or mbctures thereof. Additional lubricants 
include, for example, a syloid silica gel (AEROSIL 200, manufactured by W.R. Grace Co. 
of Baltimore, MD), a coagulated aerosol of synthetic sihca (marketed by Degussa Co.* of 
Piano, Texas), CAB-.0-SIL (a pyrogenic silicon dioxide product sold by Cabot Co. of 

35 Boston, Mass), or mixtures thereof A lubricant can optionally be added, typically in an 
amount of less than about 1 weight percent of the pharmaceutical composition. 

Desirably,, each tablet contains from about 25 mg to about 150 mg of the 
active ingredient and each cachet or capsule contains from about 25 mg to about 150 xiig of 
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the actiVe ingredient; Most preferably, the tablet, cachet, or capsule contains either one of 
three dosages, e^, about 25 mg, about 50 mg. or abo^ut 75 mg of active ingredient (as 
scored tablets, the preferable dose form). 

The invention is further defined by reference to tlie following examples 
5 describing in" detail the preparation of the cbinpositions of the invention. It will be apparent 
to those skilled.in the art that many modifications, both to materials and methods, may be 
practiced without departing from the purpose and interest of this invention. 

5. F.yAMPLES 

10 As discussed above, at least two different synthetic approaches may be 

utilized to obtain the compounds of this invention, A first is based upon the isolation of 
(-)-venlafaxine, followed by selective demethylaition. In a second approach, racemic ' 
mixtures of venlafaxine derivatives are separated into- their optically pure components. 

5.1. EXAMPLE 1: Synthesis and Resolution n fM- Venlafaxine 

1 -fcvano-r4-methoyvp'iienvHmethvllcvclQ hexanol 

A solution of 4-methoxybBnzyinitrile (53.5 g, 0.36 mol) iri 400 mL THF was 
cooled to -78 °C followed by slow addition of a 2.0 M THF solution of lithium 
diisopropylamide (200 mL, 0.40 mol) maintaming the reaction temperature below -65 "C. 

20 The reaction was stinred at -78 °C for 30 miiiutes'. Cycl6ir&anone-(39.5' g, 0.40 mol) was 
added at a rate such that the reaction temperature did not rise above -65 "C. After the - 
addition reaction was stirred at -78 "C for 2 hours, then Was poured into 1 L saturated 
aqueous NH4CI containing ice. The mixture was stinred for 15 minutes and was extracted 
with ethyl acetate. (4 x 200 mL). Combined eithyl acetate layer was washed with water 

25 (3x100 mL), brine (IxlOO mL) and dried Qi^iSO,). Ethyl acetate was evaporated m vacuo 
to give colorless solid that was trichurated with hexane. The precipitate was filtered,, 
washed with hexane, dried in vacwd to give coloriess solid (72.0 g, 80.7% yield). 'H 
(CDCy: 7.30 and 6.90 (q, 4H). 3.80 (s, 3H), 3.75 (s, IH), 1.55 (m, 10 H); ''C (CDCI3): 
159.8, 130.8, 123.8, 120.0, 114.1, 72.9, 55.5, 49.5. 34.9, 25.3, 21.6. , 

30 

1 -ro-amino-l -C4-methQyvDhenv]> -tbvncvclohexanol 
A 3-L, three-n^ck flask equipped with a mechanical stirrer and a 
thermocouple was charged with l-[cyan0(4-methoxyphenyl)methyl]cyclohexanol (40.0 g, 
0. 16 mol) and 1 L methanol. To the resulting stirred solution was added cobalt chloride 
35 (42.4 g, 0.32 mol) tod the reaction was stirred until a clear dark blue solution was obtained. 
Sodium borohydride (62.0 g, 1.63 mdl) was added m small lots maintaining the reaction 
temperature below 35 "C. A dark black precipitate was formed along with vigorous 
evolution of gas as soon as sodium borohydride was added. After completion of addition 
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the sluiry wasstiired at rooni temperature for 2 hoiiTs. TLC examination indicated 
complete disappearance of the starting maierial. The reaction was cooled in ice/water and 1 
L 3N HCi was added slowly. Reaction temperature was maintained below 25 °C. Reaction 
was stirred for 30 minutes after completion of the addition. Small amount of black 
5 precipitate was still observed. ' Methanol was removed in vacuo followed by extraction of 
the aqueous layer with ethyl acetate (3 x 300 mL). The aqueous layer was cooled in 
ice/water and was basified (pH paper) by slow addition of concentrated NH4OH (-600 mL). 
Reaction temperature was maintained below 25° C. Reaction was extracted with ethyl 
acetate (4 x 200 mL). Combined ethyl acetate layer was washed with water (3 x 100 mL), 
1 0 brine (1x100 mL), and dried (NaoSO^). Ethyl acetate was evaporated in vacuo to give 

yellow gum (34.0 g, 83,6 % yield). 'H (CDCI3): 7.20 asd 6.85 (q, 4H), 3.80 (s, 3H), 3.20 
(m, 2H), 2.70 (t, 3H), 2.35 (br s, 3H). 1.40 (m, l OH); '^C (CDCI3): 158.4, 132.6, 130.6, 
113.7,73.7,56.7,55.3,42.4.37.3,34.5,26.0,21.9. 

15 feVVenlafaxine 

]-[2-amiiio-l-(4-methoxyphBnyl)ethyl]cyclohexanol (33,0 g, 0,13 mol) was 
dissolved in 88% fomiic acid (66.0 g, 55 mL, 1,43 mol) and water (330 mL) followed by 
addition of 37% aqueous formaldehyde (44.4 g, 41 mL, 1 .48 mol). The resulting solution was 
refluxed for 20 hours, cooled to room temperature and was concentrated to 150 mL, adjusted 
20 to pH 2.0 with 3N HCI, and extracted with ethyl acetate (-6 x 50 mL) until pink impurity was 
removed. The aqueous layer was cooled in ice/water and was basified by slow addition of 50% 
NaOH. The aqueous layer was extracted with ethyl acetate (3 x 75 mL). Combined ethyl 
.. .acetate layer was washed with water (3 x 25 mL), brine (1 x 25 mL) and dried (Na2S04). Ethyl ' 
acetate was evaporated in vacuo to give yellow gum that turned slowly in to pale yellow solid 
25 (34.0 g, 92.6 % yield). 'H (CDCI3): 7.05 and 6.80 (q, 4H), 3.80 (s, 3H), 3.30 (t, IH), 2.95 (dd, 
. 1H),2.35 (s, 6H),2.30(dd. IH), 1.30 (m, lOH); '^C (CDCI3): 158.4, 132.9, 130.3, 113.5, 74.4, 
61.4, 55.3, 51.8, 45.6, 38.2,31.3,26.2, 21.8, 21.5. MS (277, M+). 

rj.^.Ver>lafaxine^HCl Salt 
30 A solution of (±)-venlafaxine (1 .0 g, 3.6 mmol) in 1 00 mL MTBE was 

cooled to O'-C and 2.mL of 15% HCI in MTBE was added to it. A colorless precipitate was 
formed. The reaction was stirred at O^C for 10 minutes. Solid was filtered, washed with 
MTBE, dried in vacuo to give the product as colorless solid (0.700 g, 61 .9 % yield). 'H 
(CDCI3): 1 1 .40 (s, IH), 7.15 and 6.85 (q. 4H), 4.05 (d, IH). 3.80 (s. 3H), 3.35 (t, IH), 3.20 
35 (m, 2H). 2.80 (s, 3H), 2.60 (s, 3H), 1.30 (m, lOH); '^C (CDCI3): 15,9.0, 131.4, 130.3, 1 14.2, 
■ 73.7, 60.4, 55.4, 52.7, 45.3, 42.8, 36.7. 31.5, 25.5, 21.7, 21.3. MS (277, M+ for &ee base). 
% purity (HPLC): 99.62. 
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Tartrate Salts of Venlafaxine 

• To a stiired solution of (±)-venlafaxine (20.0 g. 0.072 mol) in 150 mL ethyl 
acetate ^vas added a solution of di-p-toluoyl-D-tartaric acid (16.0 g, 0.041 mol) in 120' mL 
ethy] acetate. Mild exotherm was observed. Colorless solid started pi^cipitating out -within 
5 1 5 minutes. The suspension Was stirred at room tdnperature for 4 hours. The solid was 
filtered, washed'with ethyl acetate, dried in vacuo to give (R).verilafaxine'di-p-toluoyl-D- 
tartrate salt as colorless solid (1 8.0 g, 37.6 % yield). 

• Combined mother liquors from above reaction were washed with ice-cold IN 
NaOH (4 X 100 mL), .water (3 x 200 raL). brine (1 x 1 OOmL), dried (Na,SO,). Ethyl acetate 

10 was evaporated in vacuo to give coloriess solid (10.8 g, 0.039 mol). This solid was 

dissolved in 75 mL of ethyl acetate and a solution of di-p-toluoyl-L-tartaric acid (11. 3 g, 
0.029 mol) in 75 mL ethy! acetate was added to it. Coloriess solid started precipitating out 
within 30 minutes. Additional amount of ethyl acetate (50 mL) was added to the slurry and 
it was stirred overnight at RT. The solid was filtered, washed with ethyl acetate, dried in 

15 vacuo to give (S)-veniafaxine-di-p-toluoyl-L-tartrate salt as coloriess solid (13.0.g, 50. 0 % 
yield). 

Crystallization of the Tartrate Salt 

(R)-Venlafaxine-di-p-toluoyl-D-tartrate salt (1 8.0 g. 0.027 mol) was 
20 suspended in 250 mL etliyl acetate/ methanol (6:1) and the suspension was warmed to 60°C 
until a clear solufioti was obtained. The solution was allowed to cool to room temperature 
and stirred overnight. Solid wa^ fihered, washed with ethyl acetate/ methanol (6:1), dried. 
This procedure was repeated two more times. After three crystallizations the product -was 
obtained as coloriess solid (5.76 g, 32.0 % yield), e.e. (HPLC): >99.95. 

25 

. ■ r-VVenlafaxine 

50 mL cold 2N NaOH -was added to (R)-(-)-venlafaxine-di-p-toluoyl-D-tartrate 
salt (5.3 g, S.O mmol) and the aqueous layer was extracted with ethyl acetate (3 x 100 mL). 
Combined ethyl acetate layer was washed with cold 2N NaOH (1 x 25 mL) and water until 
30 aqueous wash was neutral. Ethyl acetate layer was dried (Na2S04), ethyl acetate evaporated 
to-give (-)-venlafaxine as coloriess solid (2.2 g, quantitative yield), e.e.. (HPLC): >99.95. 'H, 
'^C and MS data as in (±)-venlafaxine. 

M-Venlafaxine'HCl Salt 
35 . (.)-venlafaxine-HCl salt was prepared from (-)-venlafaxine by following the 

procedure described for making (±)-venlafaxine-HCl salt. 

(-)-Venlafaxine-HCl Salt: coloriess solid, [a3D= -2.4 (c=0.25, EtOH), % 
purity (HPLC): 99.94, e.e. (HPLC): >99.99. 'H, '^C and MS data as in (±)-venlafaxine-HCl. 
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5.2. ^EXAMPLE 2: Synthesis and Resolution of M-O-des methvivenlafaxine 
(± )- O-desm eth vl venl af axin e 

A solution of diphenylphosphine (3.0 g, 16.1 mmol) in 20 mL THF was ■ 
cooled to -10°C followed by slow addition of a 1.6 M THF solution of n-BuLi (12.7 mL, 
20.2 mmo]) at a rate such that reaction temperature did not rise above 0°C, The reaction 
was stirred at CC for 30 minutes. A solution of (±)-venlafaxine (l.Og, 3.6 mmql) in 1 0 inL 
THF was added slowly at CC. The reaction was stirred at 0°C for 15 minutes and allowed 
to warm to room temperature and stirred for 1 hour. It was then refluxed overnight. The 
reaction was cooled to room temperature and was poured slowly into 30 mL cold 3.NHCI 
maintaining the temperature below 15 "C. After stilling for 10 minutes, the aqueous layer 
was extracted .with ethyl acetate (3 x 30 mL). The aqueous Uyer was adjusted to pH 6.8 - 
6.9 by slow addition of solid NaHCO^. It was then saturated by adding NaCl and was 
extracted with ethyl acetate (6 x 30 mL). Combined ethyl acetate layer was dried (NajSOJ, 
ethyl acetate was evaporated in vacuo to give colorless sohd. The solid was trichurat^d 
with cold ethyl acetate,, filtered, washed with cold, ethyl acetate to give colorless solid 
(0.700 g. 73.8 % yield). 'H (DMSO, dj): 9.30 (br s. IH), 7.10 and 6.80 (q, 4H). 5.60 (br s. 
IH), 3.15 (dd, IH), 2.88 (t, IH), 2.50 (dd, IH), 2.30 (5, 6H), 1.35 (m, lOH); ''C (DMSO, 
d<i): 155.5, 131.7, 130.1, 114,4, 72.6, 60.4. 51.6. 45.3, 37.2, 32.4, 25.7, 21.2. MS: (264, 
. -M+l). % purity (HPLQ: 99.9, 

C-VO-desmethvlvenlafaxine 

(-)-O-desmethylvenlafaxine was prepared from (-)-venlafaxine by following 
the procedure described above. 

(-)-O-desmethylvenlafaxine: coloriess solid, [0.]^= -35.2 (c=0.25, EtOH), % 
purity (HPLC): >99.99, e.e. (HPLC): >99.99. 'H, '^C and MS data as in 
. (±)-0-demethylvenlafiaxine. 

EXAMPLE 3: Svnf.hesi.t; of M-N-desmet hvlvenlafaxine 
r^VN-desmethvlvenlafaxine 

To a solution of 1 -[amino (4-mBthoxyphenyl)ethyl]cyclohexanol (l.O g, 4.0 
mmol) in 8 nnL of toluene, 96% formic acid (0.37 g, 8.0 mmol) was added and the. reaction 
was refluxed for 4 hours. It was cooled to room temperature and poured into 40 mL 
saturated aqueous NaHCOj. Toluene layer was. separated and aqueous layer vvas extracted 
with toluene (3 x 15 mL). Combined toluene layer was washed with water (3x15 mL), 
brine (l x 15 mL) and dried .(NajSO^). Toluraie was evapo.rated in vacuo to give crude K- 
formyl compound as yellow gum-(0.930 g, 83. S % yield). 'H (.CDCI3): 7.95 (s, IH), 7.1 5 
and 6.85 (q, 4H). 5.80 (s, IH), 4.10 (m, IH). 3.80 (s. 3H). 3.50 (s, IH), 2.80 (dd, IH), 1 .50 
(m, lOH); ''C (CDCI3): 161.4.158.8, 131.0, 130.7, 113.9, 73.0, 55.3, 54.2, 38.1, 36.1, 35.6, 
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. 25.6/21.9. 21.8. Ompurity: 164.5, 129.0. 128.0. 125.0, -56.5, 4Z0, 36.5. 35.-5)^- MS (277. 
MH-). 

To a solution of crude N-formyl compound (0.585 g. 2.1 nunol) in 6 niL 
THF was added BH3-Me2S (0.480 g, 0.63 .mL of 10 M solution, 6.3 mmol) slowly at O^'C. 
5 The reaction was allowed to warm to rootri temperature and then was refluxed for 5 hours. 
It was cooled to.O°C and 5 mL of methanol was added very carefully controlling the 
; .temperature below 10°C. The reaction was stirred foi 10. minutes and volatiles were 
* evaporated off. Residue was partitioned between 3N HCl (20 mL) and ethyl acetate (20 
mL), Organic layer was separated and aqueous layer was extracted with ethyl acetate (3 x 
10 15 mL). Aqueoiis layer was cooled to 0°C and was basified by slow addition of cone. 

NH4OH. Aqueous layer was saturated with NaCl and was extracted with ethyl acetate (3 x 
20 mL). Combihed eth^yl acetate layer was dried (Na2Sd4), ethyl acetate was evaporated in 
. vacuo to give colorless oil (0.493 g, 88.8% yield). *H (CDCI3): 7.15 and 6.85 (q, 4H), 3.80 
(s, 3H), 3.25 (dd, IH), 2.9'5 (dd, IH), 2.82 (dd, IH), 2.45 (s, 3H), 1.40 (m, lOH); '^C 
15 (CDCI3): 158.4, 133.0, 130.5, 113.7, 73.9, 55.4, 53.8, 53.0, 37.8, 36.5, 33.7, 26.0, 21.9. 

f ±>-N-desm et hv 1 v en 1 af axin e- H CI S alt 

To a solution of crude (±).N-demethylvenlafaxiiie (0.450 g, 1 .7 mmol) in 25 mL 
MTBE was added 1 mL of 15% HCl in MTBE at 0°C. The resulting slurry wa^ stirred at 0°C 

20 for 15 minutes, filtered, solid was washed with MTBE, dried in vacuo to give the product as . 
colorless solid (0.380 g, 74,2 % yield). 'H (CDC13): 9.-10 (brd,-'lH), 7.15 and 6.S5 (q, 4H), 
3.80 (m & s, 4H), 3.35 (dd, IH), 3.15 (m, lH)r2.70 (t, 3H), 1.30 (m. lOH); ^^C (CDCI3): 159.0, 
130.71, 130.4. 114.0, 74.7, 55.4, 52.8, 50.9, 37.0, 34.1,30.9, 25.5, 21.4. %Purity (HPLC): 
98.81. 

25 ' 

r-VN-desmethvlvenlafaxine 

Resolution of optically pure (-)-N-desmethylvenlafaxine may be perforiTied 
using the methods described herein. If chiral salts are to be used, the amine is preferably 
protected before formation of the salt Suitable means of protecting the amines are Icnown 
30 to those skilled in the art arid include, for example, reaction with'phenacylsulfonyl chlonde 
to yield the corresponding sulfonamide, which can be removed after isolation of the 
optically pure eriantiomer with zinc and acetic acid. See,' e^ March, J. Advanced Organic 
Chemistry p. 445 (3^^^ ed. 1 985). 

.35 5.4. EXAMPLE 4: Synthesis of feVN-N-dide'sme thvlvenlafaxipeHCl Salt 

To a solution of l-[ainino (4-methoxyphenyl)ethyl]cyclohexanol (0.75^ 
3.0 mmol) in 75 mL MTBE was added 2 mL of 1 5% HCl in MTBE. The reaction was 
stin-ed at 0*^0 for 15 minutes. It was then evaporated to dryness and the residue was 
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trichurated with'MTBE/ hexane,,(6:4). Solid was filtered, washed with MTBE/ hexane. 
(6:4). The solid was suspended in cold MTBE, filtered, washed with cold MTBE, dried in 
vacuo to give the product as colorless solid (0.450 g, 52.3 % yield). 'H (DMSO, dj): 7.80 
(br s, 2H), 7.20 and 6.90 (q, 4H). 4.50.(br s, IH), 3.80 (s, 3H), 3.40 (m, IH), 3.10 (m, IH), 
= 5 ■ 2.90(ni,lH),1.35(m.lOH);'-'C(DMSO,dJ:158.3, 130.7, 130.0, 113.5, 71.7,54.9, 52.6, 
36.3, 33.6,26.8,25.3,21.4,21.1. % Purity (HPLC): 99.3. 

5.5. EXAMPLE 5: Synthesis of r±VO-desmethv l-N.N-didesmethvtveniafaxine 
To a solution of diphenylphosphine (22.2 g, 0. 12 mol) in 1 75 ml THF was 

] 0 added a 1 .6 M THF solution of n-BuLi (94 nxL, 0. 1 5 mol) slowly maintaining the reaction 
temperature between -ICC to CC. After the addition reaction was stiired at CC for 30 
minutes. A solution of (±)-N,N-didemethylvenlafaxine 13 (5.4 g. 0.021 mol) in 55 niL THF 
was added slowly at CC. The reaction mixture was stirred at O^C for 30 minutes and 
allowed to warrn to room temperature and stirred at room temperature for 1 hour. It was 

1 5 then refluxed overnight. After cooling the reaction mixture to room temperature, it was 
poured slowly into 250 mL of 3N HCl while the temperature was maintained below 1 5°C. 
After stirring for 30 minutes, the aqueous layer was extracted with methylene chloride 
(3x200 mL). The aqueous layer was adjusted to pH 6.8-6.9 by slow addition of 
concentrated NH^H at 1 5 °C and was extracted with methylene chloride (3x1 00 mL) . The 

20 aqueous layer was then evaporated to dryness to give a colorless solid. This colorless soUd 
was suspended in 400 mL methylene chloride/methanol (7:3) and was stirred for 1 hour. 
The insolubies were fihered off, washed with methylene chloride/methanol (7:3). The 
filtrate was evaporated off to give coloriess solid. 6.0 g of the colorless solid was 
chromatographed on silica gel. Elution with methylene chloride/methanol (9:1-^8.5:1 .5) 

25 afforded the product as a coloriess solid (1.5 g,). 'H (DMSO, dj:8.1 (br s, exchangeable, 
IH), 6.95 and 6.75 (q, 4H), 4.6 (m, exchangeable, 2H), 3.3 (m, IH), 2.9 (m, 2H), 1 .2 (m, 
lOH); ''C (DMSO. d,): "l56.8, 130.5,128.5, 1 15.2, 72.0, 52.1, 48.6, 36.6. 33.6. 25.6, 21.7, 
21.3. %Purity (HPLC): 97.4%. 

30 5.6. F.yAMPLE fi: Determination of Po tency and Specificity 

Several methods useful for the determination of the potency and specificity 
of the compounds of this invention are disclosed in the literature. See, e^g., Haskins. J .T. et 
al. Euro. J. Pharmacol. 115:139-146 (1985). Methods that have been found particularly 
useful are disclosed by Muth, E.A. et al. Bioehem. Pharmacol. 35:4493-4497 (1 986) and 

35 Muth, E.A. et al. Drug Develop. Res. 23:191-199 (1991), both of which are incorporated 
herein by reference. 
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5.6.1 Receptor Binding 
Determination of receptor binding of the compounds of this invention 
preferably is performed by the methods disclosed by Muth et ah, and using the protocols 
summarized below in Table L 
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The tissue homogenates used are preferably whole brain except cerebellum (histamine- 1 
and opiate binding), cortex (a, adrenergic receptor binding, monoamine uptake); and 
striatum (dopaniine-2 and muscarinic cholinergic receptor binding). 

5 5.6.2 Synaptosomal Uptake Studies 

These studies may be performed using the modified methodology of Wood, 
M.D., and Wyllie, M.G. J. Neurochem . 37:795-797 (1981) as described in Muth et al. 
Biochem. Pharmacol. 35:4493-4497 (1986). Briefly a P2 pellet is prepared from fresh rat 
brain tissue by sucrose density gradient centrifiigation using a vertical rotor. For uptake 

1 0 studies, all components are dissolved in the following buffer: 135 mM NaCl, 5 mM KCl, 
1.2 mM MgCl2,2.5 mM CaClj, IQmM glucose, 1 mM ascorbic acid, 20 mM Tris, pH 7.4, 
gassed with for 30 min prior to use. Various concentrations of test drug are preincubated 
with 0.1 ixM [^HJdopamine or 0.1 iiM [^HJnorepineplirine (130,-000 dprn/tube) and 0.1 |iM 
[•'^CJserotonin (7,500 dpm/tube) in 0.9 ml buffer for 5 min at 37°C, One-tenth milliliter of 

15 synaptosomal preparation is added to each tube and incubated for a further 4 min at 37 °C. 

The reaction is then temiinated by the addition of 2.5 ml buffer, after which the mixture was 
filtered under vacuuin using cellulose acetate filters (0.45 |liM pore size). The filters are 
then counted in a scintillation counter, and the results are expressed as pmoles uptake/mg 
protein/min. The IC50 values for uptake inhibition are calculated by linear regression of 

20 logit [percent of Na"" -dependent uptake] vs. long [concentration of test drug]. 

5.6.3. Reversal of Reseroine-Induced Hypothermia 
Reversal of reserpine-induced hypothermia in male CF-1 mice (20-25 g., 
Charles River) may be performed according to an adaptation of the method of Askew, B. 

25 Life Sci. 1 :725-730 (1963). Test compounds, suspended or solubilized in 0.25% 

TweenSO® in v^ater, "are then administered i.p. at several dose levels to male mice (8/dose 
level) who had been treated 1 8 hr previously with'45.0-mg/kg reserpine sx, A vehicle 
control group is run simultaneously with drug groups. Test compounds^ vehicle, and 
reserpine are administered at a volume of G.Ol ml/g. Reserpine is solubilized by the 

30 addition of a small amount (approximately 4 drops) of concentrated acetic acid and then 
brought to the proper volume by the addition of distilled water. Rectal temperatures are 
recorded by a Yellow Springs Instruments thermistor probe at a dept of 2 cm. 
Measurements are taken 1 8 hr after reserpine pretreatment and at hourly intervals for 3 hr 
following administration of either test compound or vehicle. 

35 * Rectal temperatures for all time periods are subjected to a two-way analysis 

of variance for repeated measures with subsequent Dunnett's comparison to control values 
to determine the minimum effective dose (MED) for antagonizing reserpine-induced 
hypothermia. 
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5.6.4. Induction of Rat Pineal Noradrenergic Su bsensitivitv 
Suitable rats are male Sprague-Dawiey rats (250-300 g, Charles River) 
which should' be maintained in continuous light throughout all experiments so as to 
attenuate the diurnal fluctuation in beta-adrenergic receptor density in the pineal gland and 
5 to maintain a consistent supersensitive response to noradrenergic agonists. Moyer, J.A. et 
al. ^nc. Neurosci. Abstract 10:261 (1984). After 2 days of continuous light exposure, the 
rats are then injected twice daily with either saline or test compound (10 mg/kg i.p.) for 5 
days (total of 9 injections). Another group of rats should receive saline injections twice 
daily for 4 days followed by a single injection of test compound ( 1 0 mg/kg i.p.) on the 5tli 
1 0 day. One hour following the final injection of test compound or saline, animals are 

administered either 0.1% ascorbic acid (controls), or isoproterenol (2 fimol/kg i.p. in 0.1% 
ascorbic acid). Rats are decapitated 2.5 minutes later, the time at which preliminary 
experiments have shown that the isoproterenol-induced increases in cyclic AMP levels in 
pineal glands are maximal, Moyer, JA.'et al. Mol. Pharmacol 19:187-193 (1981). Pineal 
15 glands are removed and frozen on dry ice within 30 seconds to minimize any post- 
decapitation increase in cAMP concentration. 

Prior to radioimmunoassay for cAMP, the pineal glands are placed in 1 ml of 
ice-cold 2.5% perchloric acid and sonicated for -approximately 15 seconds. The sonicate is 
then centrifiiged at 49.000g for 15 min at A'^C and then resulting supernatant fluid is 
20 removed, neutralized with excess CaCOa, and centrifiiged at 12,000^ for 1 0 min at 4°C. 
ThexAMP content of the neutralized extract may be measured by a standard 
radioimmunoassay using ^^^Mabeled antigen and antiserum (New England Nuclear Corp.,- 
Boston,MA5. ^t^^r^^r^ A.L. et al. J. Biol. Chem. 247:1106-1113 (1972). All unlcnown 
samples should be assayed in duplicate and compared to standard solutions of cAMP- 
25 prepared in a 2.5% perchloric acid solution that had been neutrahzed with CaCOy Results 
are expressed as pmol cAMP/piaeal, and statistical analyses areperforaied by analysis of 
variance with subsequent Student-Newman-Keuls tests. 

5.6.5. Single Unit Electrophysiology 
30 The firing rates of individual neurons of the locus coeruleus (LC) or dorsal 

raphe nucleus (DR) in the clil oral -hydrate anestl^etized rait are measured using single- 
barreled glass micro-electrodes as previously described for the LC. Haskins, J.T. et al. Eui. 
J. Pharmacol. 115:139-146(1985). Using the stereotaxic orientation- of Konig, J.F.R., and 
Klippel, R.A. The rat brain: A stereotaxic atlas of the forebra in and lower narts of the brain 
35 stem Baltimore: Williams and Wilkins (1 963), the electrode tips should be lowered via a 
hydraulic microdrive from a point 1.00 mm above the locus coemleus (AP 2.00 nmi caudal 
to the interaural line and 1.03 mm lateral to midline). Drugs are administered i.v. through a 
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Only one ceTI should be studied in each rat in order to avoid 



5.7. EXAMPLE 7; Oral Formulation 
The. pharmaceutical compositibhs of this invention may be administered in a 
variety of ways. Oral formulations are of the easiest to administer. 

5.7.1. Hard Gelatin Capsule Dosage Forms 
Table D provides the ingredients of suitable capsule forms of the 
pharmaceutical compositions of this invention. 



TABLE ri 



Component 


25 mg capsule 


50 mg capsule 


100 mg capsule 


(-)-O-desmethyl- 
venlafaxine 


25 


50 


100 


Microcrystalline 
Cellulose 


90.0 


90.0 


90.0 


Pre-gelatinized 
Starch 


100.3 


97.8 


82.8 


Croscarmellose 


7.0 


.. 7..D 


7.0 


Magnesium 
Stsarate 


0.2 


0.2 


0.2 



The active ingredient (optically pure (-)-venlafaxine derivative) is sieved and 
blended with the excipients listed. The mixture is filled into suitably sized two-piece hard 
gelatin capsules using suitable machinery and methods well known in the art. See 
Remington's Pharmaceutical Sciences. 16th or 18th Editions, each incorporated herein, in its 
entirety by reference thereto. Other doses may be prepared by altering ths fill weight and, if 
necessary, by changing the capsule size to suit. Any of the stable hard gelatin capsule 
. formulations above may be formed. 

5.7.2. Compressed Tablet Dosagre Forma 
The ingredients . of compressed tablet forms of the pharmaceutical, 
compositions of the invention are provided in Table III. 



-32- 



wo 00/32556 



PCT/US99/28303; 



TABLE III. Compressed Tablet Unit Dosage Forms 



Component 


25 mg capsule 


50 mg capsule 


100 mg capsule 


(-)-O-desmethy]- 
venlafaxine 


25 


50 


100 


Mi crocrystalline 
Cellulose 


90.0 


90.0 


90.0 


Pre-geiatiiiized 
Starch 


100.3 


97.8 


82.8 


Crosoannellose 


7.0 


7.0 


7.0 


Magnesium 
Stearate 


0.2 


0.2 


0.2 



The active ingredient is sieved through a suitable sieve and .blended with the 
excipients until a uniform blend is formed. The dry blend is screened and blended with the 
magnesium stearate. The resulting powder blend is then compressed into tablets of desired 
shape and size. Tablets of other strengths may be prepared by altering the ratio of the active 
ingredient to tlie excipient(s) or modifying the table weight. 

While the invention has been described with respect to the particular 
embodiments, it will be apparent to those skilled in the art that various ohanges and 
modifications may be made without departing from the spirit and scope of the invention as 
defined in the claims. Such modifications are also intended to fall within the scope of the 
appended claims. . 
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THE CLAIMS 

What is claimed is: 

5 1, A pharmaceutical composition which comprises (-)-veiiiafaxine 

derivative, or a phaimaceutically acceptable salt thereof, substantially free of its (-^) 
stereoisomer and a pharmaceutically acceptable carrier or excipient. 

2. The pharmaceutical composition of claim 1 wherein the 
10 (-)-venlafaxine "derivative is selected from the group consisting of 

(-)-O-desmethylvenlafaxine, (-)-N-desmethylvenlafaxine, (-)-N,0-didesmethylvenlafaxine, 
and (-)-N,N-didesmethyIvenlafaxine. 

3. The pharmaceutical composition of claim 1- wherein the 
15 (-)-venlafaxine derivative is (-)-O-desmethylvenlafaxine or (-)-N,0^ 

di desm ethylveniafaxine. 

4. The pharmaceutical composition of claim 1 adapted for intravenous 
infiision, transdermal delivery, or oral delivery. 

20 

.5. The pharmaceutical composition of claim 1 wherein the amount of 
(-)-venlafaxine derivative, or a pharmaceutically acceptable salt thereof, comprises greater 
than about 90% by weight of the total amount of racemic venlafaxine derivative. 

25 6. The pharmaceutical composition of claim 1 wherein the 

(-)-veniafaxine derivative comprises a hydrochloride salt thereof. 

7. The pharmaceutical composition of claim 1 wherein said 
pharmaceutically acceptable excipient comprises lactose, croscaimellose sodium, 

30 micro crystalline cellulose, pre-gelatinized starch, and magnesium stearate. 

8, The pharmaceutical composition of claim 1 wherein said 
pharmaceutical composition is substantially free of all mono- or di-saccharides. 

35 9. • The pharmaceutical composition of claim 8 wherein said 

pharmaceutical composition is lactose-free. 
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10. The pharmaceutical composition of claim 1 wherein the 
(-)-venlafaxins derivative. is (-)-0-desmethy]venlafa):ine and the excipient comprises 
lactose. 

1 1 . The pharmaceutical composition of claim 10 wherein the excipient 
further comprises microcrystalline cellulose, pre-gelatinized starch, magnesium stearate, 
and croscarmellose sodium. 

12. A pharmaceutical dosage form which comprises a tlierapeutically 
effective amount of (-)-vehlafaxine derivative or a phannaceutically acceptable salt thereof, 
substantially free of its (+) stereoisomer, and a pharaiaceutically acceptable carrier or 
excipient. 



13. The dosage form of claim 12 wherein said dosage form is a tablet or a 



15 capsule. 



14. The dosage form of claim 12 adapted for intravenous infusion, 
transdermal deliverj'', or oral delivery. 

20 15. The dosage forni of claim 14 wherein the therapeutically effective 

amount is from about. 10 mg to about 1000 mg. 

16. The dosage form of claim 1 5 wherein' the therapeutically effective 
■ amount is from about 50 mg to about 500 mg. 



25 



30 



35 



17. The dosage form of claun 16 wherem the therapeutically effective . 
amount is from about 75 mg to about'350 mg. 

18. A method of preparing (-)-N-desmethylvBnlafaxine which comprises 
contacting a compound of 'Formula 5: 

H 



HaCd 




35 
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with a reductant for a time and af a temperature sufBcient to* fonh 
C±)-N-desmethylvBrilafaxine, and isolating (-)-N-desmethylvenlafaxine therefrom. 



1 9. The method of claim 1 8 wherein the reductant is BHa'MejS . 

20. A method of preparing (-}-N,N-didesmethyl ven]afaxine which 
comprises contacting a compound of Formula 2: 

CN 




2 

with a reductant for a time and at a temperature sufficient to form 

(=fc)-N,N"didesmethylvenlafaxine, and isolating (-)-N,N-didesmethylvenlafaxine therefrom. 

2 1 . The method of claim 20 wherein the reductant is CoCl./NaBH^. 

22. A method of preparing (-)-O-desmethylvenlafaxine which comprises 
contacting (±)-verLlafaxine with lithium diphenyiphosphide for a time and at a temperature 
sufficient to form (±)-0-desm ethyl venlafaxihe, and isolating (-)-O-desmethylvenlafaxine 
therefrom. - . 

23 . Substantially pure (-)-O-desmethylvenlafaxine and pharmaceuti cally 
acceptable salts, solvates, and clathrates thereof. 

24. Substantially pure (-)-N,0-didesmethylvenlafaxine and 
pharniaceutically acceptable salts, solvates, and clathrates thereof. 

25. (-)-N-desmethylvenlafaxine and pharmaceuti cally acceptable salts, 
solvates, and clathrates thereof. 

26. (-)-N,N-didesmethylvenlafaxine and pharmaceutically acceptable 
salts, solvates, and clathrates thereof. 

27. A method of treating an affective disorder in a human which 
comprises administering to a human in need of such therapy a therapeutically effective 
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amount of a (-)-venlaiaxine derivative, or a pharaiaceutically acceptable salt thereof, 
substantially free of its (-+-) stereoisomen 



28. The method of treating an affective disorder in a human according to 
claim 27 in which said amount of (-)-VBnlafaxine derivative, or a pharmaceutically 
acceptable salt thereof, substantially free of its (+) stereoisomer, is sufficient to alleviate the 
affective disorder but insufficient to cause adverse effects associated with the administration 
ofracemic venlafaxine, 

29. The method of claim 27 wherein-the afirective disorder is selected 
from the group consisting of depression, attention deficit disorder, and attention deficit 
disorder with hyperactivity. 

30. -A method for treating obesity or weight gain in a human which 
comprises administering to a human in need of a reduction or maintenance in weight, a 
tlierapeutically effective amount of a (-)-venlafaxine derivative, or a pharmaceutically 
acceptable salt thereof, substantially free of its (+) stereoisomer, said amount being 
sufficient to alleviate obesity or weight gain. 

31. The method for treating obesity or weight gain in a human according 
to claim 30 wherein said amount is sufficient to alleviate obesity or weight gain but 
insufficient to cause the adverse effects associated with administration ofracemic 
venlafaxine. 

32. . A method of treating disorders ameliorated by inhibition of neuronal 
monoamine reuptake in a human which comprises administering to a human in need of such 
therapy a therapeutically effective amount of a (-)-veniafaxine derivative, or a 
pharmaceutically acceptable salt thereof, substantially free of its (+) stereoisomer, said 
amount being sufficient to alleviate said disorders. 

33. The method of treating disorders ameliorated by inhibition of 
neuronal monoamine reuptake in a human according to claim 32 in which said amount is 
sufficient to alleviate said disorders but insufficient to cause adverse effects associated with 
administration of racemic venlafaxine. 

34. The method of treating disorders ameliorated by inhibition of 
neuronal monoamine reuptake in a human according to claim 33 wherein said monoamine 
is dopamine. 
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35. The method df treating disorders' ameliorated by inhibition of 
neuronal monoamine reuptake in a human according to claim 33 wherein said disorder is 
Parkinson's disease or. epilepsy. 

5 36. A- method for treating cerebral function disorders in humans which 

comprises administering to a human or therapeutically effective amount of a (-)^venlafaxine 
derivative, or a-pharfnaceutically acceptable salt thereof, substantially free of its (+) 
stereoisomer, said amount being sufficient to alleviate. cerebral function disorders. 

10 ■ .37. The method for treating cerebral function disorders in a human 

^according to claim 36 wherein said amount of a (-)-venlafaxine derivative, or a 
pharmaceutically acceptable thereof, substantially free of its (+) stereoisorrler, is suffjcient 
to alleviate cerebral function disorders but insufficient to cause adverse effects associated 
with administration of racerhic venlafaxine. 

15 

38. The method for treating cerebral function disorders in a-human 
according to claim 36 wherein said disorder is caused by a cerebrovascular disease. 

39. The method for treating cerebral function disorders in a human 
20 aocordihg to claim 38 wherein said cerebrovasciilar disease is selected frofn the group 

consistirig of cerebral infarction, cerebral hleedingj cerefaral'arteriosclerosis, cerebral venous 
thrombosis and head injuries. ' , 

40. The method for treating cerebral function disorders in a human 
25 according to claim 38 wherein said cerebral function disorder is selected from the group 

consistifig of senile dementia, Alzheimer's type dementia, memory loss and 
amnesia/anmestic syndrome. 

41 . A method for treating pain in humans which comprises administering 
30 to a human a therapeutically effective amount of a (-)-venlafaxine derivative, or a 

pharmaceutically acceptable salt thereof, substantially free of its (+) stereoisomer, said 
amount being sufficient to alleviate pain. 

42. The method for treating pain in a human according to claim 41 

35 . wherein. said amount of (-)- venlafaxine derivative, or a pharmaceutically acceptable thereof, 
substantially free of its (+) stereoisomer, is sufficient to alleviate pain but insufficient to 
cause adverse effects associated with administration of racemic venlafaxine. 
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43. The method for treating pain in a human according to claim 41 
wherein the. pain is chronic pain. 



44. A method of treating an obsessive-compulsive disorder in a human, 
5 wliich comprises administering to a human in need of such therapy a therapeutically 

effective amount of a (-)-verdafaxine derivative, or a pharmaceutically acceptable salt 
thereof, substantially free of its (-f ) stereoisomer. 

45 . A method of treating substance abuse in a human, which comprises 
1 0 administering to a human in need of such therapy a therapeutically effective amount of a 

(-)-venlafaxine derivative, or a pharmaceutically acceptable salt thereof, substantially free of 
its (+) stereoisomer. 

46. A method of treating or preventing pre-menstnial syndrome in a 

1 5 human, v^hich comprises administering to a human in need of such therapy a therapeutically 
• effective amount of a (-}-venlafaxine derivative, or a phannaceutically acc^table salt 
thereof, substantially free of its (+) stereoisomer. 

47. A method of treating anxiety in a human, which comprises 

20 ■ administering to a human in need of such therapy a therapeutically effective amount of a 

(-)-.venlafaxine derivative, or a pharmaceutically acceptable salt thereof, substantially, free of 
its (+) stereoisomer. 

48. A method of treating an eating' disorder in a human, which comprises 
25 administering to a human in need of such therapy a therapeutically effective amount of a 

{-)-venlafax-ine derivative, or a pharmaceutically acceptable salt thereof, substantially free of 
its (+) stereoisomer. ' , 

49. A method of treating or preventmg migraine, or migraine headaches, 
30 in a human, v/hich comprises administering to a human in need of such therapy a 

therapeutically effective amount of a (-).venlafaxine derivative, or a pharmaceutically 
acceptable-salt thereof, substantially free. of its (+) stereoisomer. 

50. A method for treating or preventing incontinence in a human which 
35 comprises administering to a human. in need of such therapy, a therapeutically effective 

amount of a (-)-venlafaxine derivative, or a pharmaceutically acceptable salt tliereof 
substantially free of its (+) stereoisomer. 
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51. . * The method of claim 50 wherein said incontinence is selected from 
the group consisting fecal incontinence, overflow incontinence, passive incontinence, reflex 
incontinence, stress urinary incontinence, urge incontinence, urinary exertional 
incontinence, and incontinence of urine. 

52. The method of claim 27 wherein the (-)-venlafaxine derivative is 
selected from the group consisting of (-)-O-desmethylvenlafaxine, 
(-)-N-desmethylvenlafaxine, (-)-N,0-didesmethylvenlafaxine, and 
(-)-N,N-didesmethylvenlafaxine. 

53 . The method of claim 52 wherein the (-)-venlafaxine derivative is 
(-)-O-desmethylvenlafaxine or (-)-N,0-didesmethylvenlafaxine. 

54. The method of claim 27 wherein (-)-venlafaxine derivative is 
15 administered by intravenous infusion, transdermal delivery, or orally as a tablet or a 

capsule.' 

55 . The method of claim 27 wherein the amount administered is from 
about 1 0 mg to about 1 000 mg per day. 

20 

56". The method of claim 55 wherein the amount administered is from 
about 50 mg to about 500 mg per day. 

57. The method of claim 56 wherein the amount administered is from 
25 about 75 mg to about 350 mg per day. 

58. Themethod of claim 27 wherein the amount of (O-vefilafaxine 
derivative, or a pharmaceutically acceptable salt thereof, is greater than approximately 90% 
by weight of the total amount of racemic venlafaxine derivative. 

30 

59. The method of claim 27 wherein the (-)-venlafaxine derivative, or a 
pharmaceutically acceptable salt therbof, substantially free of its (+) stereoisomer, is 
administered together with a pharmaceutically acceptable carrier. 

35 60. The method of claim 27 wherein the (-)-venlafaxine derivative is 

administeired as a hydrochloride salt. 
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